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New funds f o r  grant NsG 75 - 60 were not appropriated 

from July 1, 1966 and work was supported by the  une-qended funds 

of t h a t  date. 

The. or ig ina l  proposal, made i n  1960, was t o  study the 

magnitude and degree of protection afforded by a combination of deep 

hypothermia and immersion i n  a f l u i d  against  accelerat ive s t r e s s .  The 

objective was attained’, 

and hamster. The mouse being an obligate nasal  breather, the small 

using three small mammals; the  mouse, t he  r a t  

ca l ib re  of the  na-sal passage posed a major obstacle, since it was KLmost 

always blocked during centrifugation by mucus and blood. 

cumvented by subs t i tu t ing  the r a t  a s  the t e s t  animal. 

were achieved with permanent protection against  5 minutes of 2,300 G. 

Tinis vas c i r -  

Excellent r e s u l t s  

Although rev iva l  presented no d i f f i cu l t i e s ,  beyond this time the  animals 

invariably died. The major les ion was a charac te r i s t ic  hemorrhagic gastro- 

enteropathy. This les ion  vas described and study indiczted i+, WS, i n  good 

part, due t o  pro teo ly t ic  digestion during cold suspended mimation. A 

paper was presented t o  the .b.erican Association of Pathologists E : J ~ .  E3 c ter io-  

l o g i s t s  meeting i n  Montreal i n  1352.3 

that the  enteropathy of prolonged deep hypothermia and i r r eve r s ib l e  shock 

 ne theme crqhaEiaed tlie probz.bility 

were ident ica l .  

s e r i e s  of invest igat ions of canine i r r eve r s ib l e  hemorrhagic shock which, 

This presentation inspired Buonous i n  Montreal t o  launch a 

i n  a l l  de ta i l s ,  corroborated our work. 

1 

Since the en te r i c  les ion appeared t o  be an obvious obstacle 

t o  the  successf’ul prolongation of deep hypothermia, means of preventing 

t h e  les ion  were sought .4 Util iz ing soy-bean-trypsin inh ib i tor  we 
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demonstrated that although prevention of digestion could be achieved, 

shedding of the  gut epithelium and i t s  mucus coat proceeded apace. 

Obviously t h i s  loss would be a catastrophe inevi tably leading t o  

destruct ion of the  underlying lamina propria or, and equally catas-  

trophic, a loss of se lec t ive  absorption from the gut lumen. 

considerable work it was learned t h a t  t h e  e p i t h e l i a l  shedding was an 

osmotic l y s i s  (osmolysis). The mechanism proposed was the continued 

passive diffusion of hydrated N a  ions i n t o  the  c e l l s  i n  the  absence of 

ac t ive  ionic  pulping normally pawered*by energy o m  inhibi ted by the cold. 

This culminated i n  the  burst ing of the  e p i t h e l i a l  c e l l s  and eventual digestion 

of t he  defenseless lamina propria. 

After  

By analogy and using i so la ted  data i n  the  l i t e r a t u r e  it was 

suggested t h a t  the  same phenomenon na ter ia l ized  during profound shock 

through hypoxic inh ib i t ion  of oxidative phosphorylation whence the ionic  

pumps a r e  potrered. 

The l a t e s t  phase of t h i s  work has turned t o  the  kidney. Since 

t h e  function of both gut and kidney a r e  s t r ik ing ly  s imilar  and many of 

t h e  mechanisms are  common t o  both, it was reasoned t h a t  t he  kidney, l i k e  

t h e  gut, should show the  charac te r i s t ic  l e s ion  of shock, lower nephron 

nephrosis. This prediction -- has nost recent ly  been - confirmed. 

I n  sumrmrizing this aspect of our work, it may be sa id  t h a t  the 

l imi t ing  f a c t o r  i n  the  prolongation of deep hypothermia is  the  profound 

disturbance about the  c e l l  membrane of the  steady s t a t e  equilibriiun of those 

asymmetrically d is t r ibu ted  substances t o  which the  meriibrane i s  permeable . 
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An unexpected dividend a r i s ing  from t h i s  work i s  the  

recognition t h a t  i n  acute severe heart  f a i l u r e  the  use of oral d i g i t a l i s  

may constf tute  a t h rea t  t o  t h e  pa t i en t ' s  l i f e O 5  

coloe is t s  and physiologists but not t o  physicians is  the  f a c t  t h a t  d i g i t a l i s  

preparations a r e  excellent inh ib i tors  of the Na' and K pumps v ia  an 

e f f ec t  upon the  spec i f ic  .PLTPase. 

Well knmn t o  pharm- 

+ 
. -  

The addi t ion of an electrolTJte t ransport  

i nh ib i to r  such a s  d i g i t a l i s  t o  the gut of one who i s  already suffer ing 

t i s s u e  hypoxia may account f o r  the high incidence of hemorrhagic enteropathy 

i n  cardiac f a i lu re .  

f a i l u r e  may prevent t he  f a t a l  les ion.  

The parenteral  ab t in i s t r a t ion  of d i g i t a l i s  i n  scute  

Fine e t  a 1  have. su-ggested thcit i r revers ib le  shock is  brought 

about through the absorption from damaged gut of Shvartman potenttoxins 

of b a c t e r i a l  or igin which block the ret iculoendothel ia l  system thus 

sens i t iz ing  the  subject t o  other shock inducing s t i m u l i .  Since one 

of the  ingredients of the  gut mucin i s  a negatively charged su l fa ted  poly- 

saccharide and such polyelectrolytes a r e  known t o  enhance the Shwartunan 

phenomenoq an investigation' of a s e r i e s  of such mucopolysaccharides and 

t h e i r  anionic der ivzt ives  v a s  undertaken. It vas learned t h a t  nonionic 

polysaccha.rides h=ld EO efTect q o n  the R-E system but  t h s t  t h e  negatively 

charged polymers did. 

s ize .  

t o  say  that i f  mucus o r  its water s o h b l e  components are &sorbed from t h e  

The ef fec t  was d i r e c t l y  r e l a t ed  t o  the  molecular 

The l a r g e r  the molecule the more e f fec t ive .  Thus it i s  nmr possible 

i n t e s t i n e  during shock what may have been . ' - revers ib le  shock may w e l l  

become i r revers ib le ,  without the  agency of bac te r i a l  products. 
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Equilibrium d i s tu i  "antes ' were manifested immediate,y a f t e r  

rev iva l  of centrifuged animels. This  was investigated i n  the h m s t e r  and 

it was  sham t h a t  the  les ion  was ident ical  t o  a hemilabyrinthectomy. Tne 

s ide  t o  be involved could be selected by proper positioning of t he  k3mster. 

Despite t he  magnitude of t he  symptoms and s igns the  les ion  was completely 
. -  

reversible  within two t o  Ynree weeks. It w a s  suggested t h a t  t he  hypothermia 

by increasing the  v iscos i ty  of the gelatinous membrane bearing the otoconia 

minimized the  migration of the  o to l i t h s  i n  the centr i fugal  f i e l d .  In  

t h i s  mznner hypothermia amplified a physiologic protective mechanism. 

a 8, 9 Because of a continuing i n t e r e s t  i n  cardiac pathology 

study was undertaken of la rge  mamnalian hear ts  w i b  h par t icu lar  reference 

t o  the  presence and f'unction of a f i b roe la s t i c  in te rna l  membrane. 

It w a s  concluded t h a t  the  normal muscle f i b e r s  of a small mammal such as 

the  ra t  d i f f e red  very l i t t l e  i n  s ize  from those of a la rge  (72 ton )  w h a l e  

10 

- despi te  a--X$ difference i n  t h e  weights of the  hearts.  In  short, nature 

increases the  power of the heart by adding addi t ional  un i t s  of e s sen t i a l ly  

t h e  same s ize .  A device t o  reduce the s t r a i n  on the hea r t  i s  incorporated 

i n  very l a rge  normal (and some large abnormal hea r t s )  namely an in t e rna l  

f i b roe lak t i c  membrane which reduces the  d i a s t o l i c  tension t o  be borne by 

t h e  muscle. 

A fu r the r  study" concerns the contraction r a t e s  of j solated 

heart muscle f ibe r s  from newborn animals with wideiy varying spontaneous 

cardiac r a t e s .  The results have not yet been submitted f o r  publication, 

however, they indicate  t h a t  the normal cardiac contraction r a t e  i s  a ' 

r e f l ec t ion  of the work load and that the  relat ionship is  d i r ec t .  



The preceding two s tudies  a re  d i r ec t ly  per t inent  t o  an under- 

standing of the chronic e f f e c t s  of reduced or n u l l  gravi ty  upon the  

mammalian heart .  
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